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Abstract 
Relative soil moisture (RSM) is conventionally observed only three times per month. The low frequency cannot meet 
the data requirements for debris flow forecast. To supplement RSM data series, we fit RSM and antecedent 
precipitation index (API) by three methods from June 28th to Sep. 28th 2008 of Zhejiang Province. Direct fitting 
RSM and API (DFRA) is the best method of the three for the least relative error and absolute error. Segment statistics 
includes two different segment criterions. One is based on API, and the other is based on RSM .The third method is 
the least square method. The results of segment statistics based on API (SSBA) and the least square of API and 
RSM(LSAR) follow the DFRA. Segment statistics based on RSM (SSBM) has poor result for its major error. The 
average correlation coefficient of DFRA is 0.66. The average absolute error is 4.9 and the average relative error is 
5.63%. The DFRA method can be used to supplement RSM data series even in the adjacent areas where there are no 
RSM data.  
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1. Introduction  
Soil moisture has considerable influence on soil physical properties like pore water pressure and shear 
strength. During the initiation of debris flow triggered by precipitation, soil moisture content is one of the 
important factors for forecast. Different soil moisture contents correspond to different rainfall intensities 
initiating debris flow. Higher soil moisture needs lower rainfall intensity. In China, there is lack in soil 
moisture data for few soil moisture observation stations and low-frequency observation (once every 10 
days)[1]. The lack of soil moisture data cannot cooperate with routine research data. Because of spatial 
heterogeneity of soil moisture[2], the conventional spatial interpolation techniques cannot work well. So 
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in debris flow monitoring and forecast the antecedent precipitation index (API) is substituted for the soil 
moisture. 
Antecedent precipitation [3] includes effective antecedent precipitation influencing debris flow 
initiation and lost antecedent precipitation which is consumed by surface and underground runoff and 
evaporation. From the perspective of water balance, soil moisture is the moisture deference between 
earning (precipitation, irrigation, groundwater recharge, etc.) and consumption (evaporation, leakage, etc.) 
in a period. Therefore, antecedent precipitation has close relationship with soil moisture. Peng et al.[4] 
provided a soil moisture initialization scheme using API and water balance equation, which realized soil 
moisture interpolation in Shiguan River drainage area. 
This paper will discuss three methods to fit API and relative soil moisture (RSM), which can 
complement soil moisture data series even in the adjacent areas where there are no RSM data. 
2. Computation of API 
The definition of API[5] is as Eq.1 
                                                                                                                                     (1) 
where, P is API of day t, Pt-1 , Pt-2 , ... , Pt-3 , Pt-15, ... is the rainfall of 1, 2, ..., 15, ... days before day 
t, K is daily attenuation coefficient. In Zhejiang Province, K is 0.85, and the day numbers of attenuation is 
15 in this study. 
3. Study area and data sources 
Zhejiang province has a large population density and a rapid economic development. There are 291 
debris flow valleys in Zhejiang province. From 1997 to 2007, a total of 16 debris flows events 
happened[6]. In despite of the low frequency of debris flow in Zhejiang, the economic losses and 
casualties were serious. Debris flows in Zhejiang are triggered by precipitation, which is induced by 
Meiyu (or plum rain) and typhoon. There were 22 typhoons in 2008. Nine of them made landfall and four 
directly influenced Zhejiang province[7]. 
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Fig.1 Topographic map of Zhejiang province 
The precipitation data are collected from 66 meteorological stations from Jun. 13th to Sep. 28th 2008. 
There are 507 RSM data from Jun. 28th to Sep. 28th 2008. 
4. Data processing 
1.1. Direct fitting RSM and API. 
 Meteorological drought (GB/T 20481-2006) is classified using 10-20cm RSM to represent soil 
drought degrees. We choose 10-20cm RSM and API to fit. The 50 data for fitting are collected from 
Changxing, Anji, Lin'an, Fuyang and Huzhou. The 40 data for validation are collected from Jiashan, 
Jiaxing, Shaoxing and Deqing.  
Because the maximum RSM is 100, the fitting function must be convergence. We defined a function as 
follows 
 
                                                                                                                                                   (2) 
 
where, RSM is 10-20cm relative soil moisture, Pt  is API, n is exponent and a, b, c are the 
undetermined coefficients. 
Through comparing fitting results of cases n=1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, we figure out that the residual 
sum of squares is minimum while n=2.5. The mean square deviation is 6.74. The correlation coefficient is 
0.66, and coefficients a, b, c are respectively 37.074, 6.637, 70.276. So we got the fitting function of RSM 
and API, 
 
 
                                                                                                                                                        (3) 
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Fig.2  Fitting curve between antecedent precipitation index and relative soil moisture 
As Fig.2 shows, the RSM rises rapidly with increase of API and gradually approaches to 100. It is 
consistent with general law of the relationship between RSM and API. 
1.2. Segment statistics of RSM and API.  
Segment statistics can make element homogenized and eliminate the multiple influences. Precipitation 
is not the only factor to influence soil moisture. For the influence of meteorological conditions and soil 
physical and chemical properties, the same rainfall induces different relative soil moistures. The average 
of a range of RSM and the corresponding average of API behave certain regularity.  
 
1.3. Segment statistics based on API (SSBA) 
(Fig.3 a). Firstly sort the API and its corresponding RSM. Then segment API into a range of 10mm-
interval values. Averaging the data of API and RAM in the range, we got 10 groups of data. Fitting these 
data, we got the following equation 
RSM = 8.454*ln(Pt) + 54.93.                                                                                                           (4) 
1.4. Segment statistics based on API (SSBA) 
(Fig.3 a). Firstly sort the API and its corresponding RSM. Then segment API into a range of 10mm-
interval values. Averaging the data of API and RAM in the range, we got 10 groups of data. Fitting these 
data, we got the following equation 
RSM = 8.454*ln(Pt) + 54.93.                                                                                                           (4) 
where, Pt is API in the last 15 daysˈdaily attenuation coefficient is 0.85ǄThe correlation coefficient 
is 0.98. 
1.5. Segment statistics based on RSM (SSBR) 
 (Fig.3 b). The SSBR was performed in the same way with the SSBA but sorting 10-20cm RSM and its 
corresponding API. Fitting the data, we got Eq.5. The correlation coefficient is 0.95.  
RSM = 52.80*ln(Pt) - 98.61.                                                                                                              (5) 
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Fig.3  Fitting curve between antecedent precipitation index and relative soil moisture 
a.The segment statistics based on antecedent precipitation index (SSBA). 
b.The segment statistics based on relative soil moisture (SSBM) 
 
1.6. The least square of API and RSM (LSAR). 
 API has closer relationship with RSM. The more recent of precipitation to observation, the more 
influence with RSM. We choose precipitations one day before (P1), 3 days before (P3), 5 days before (P5) 
and 15 days before  (Pt). P1, P3 and P5 are the direct accumulation of precipitation, and Pt is calculated 
by Eq.1. Through the least square of API, we got Eq.6.  
  
RSM = a* P1 + b* P3 + c* P5 + d* Pt + e                                (6) 
The values of a, b, c, d and e are respectively -0.048, -0.005, -0.004, 0.297 and76.443. 
5. Validation and application 
1.7. Data validation.  
40 groups of API and RSM data from Jiashan, Jiaxing, Shaoxing and Deqing were used to test the 
accuracy of the three methods. Table 1 shows the average absolute error and the average relative error of 
these methods. Segment statistics based on RSM has large average absolute error and average relative 
error. The error is large mainly because of the high humidity. Percentage of RAM data less than 50 is 
only 5% in all observations, and the less data for segment make the average value inaccurate. This 
method is not considered in the following study.  
Table 1 Average absolute errors and Average relative errors by the three methods 
 
Direct 
fitting RSM 
and API 
Segment statistics The least 
square of API 
and RSM 
Segment 
statistics based 
on API 
Segment 
statistics based 
on RSM 
Average absolute error  4.90 5.61  30.51  5.82  
Average relative error 
[%] 5.63 6.42  38.42  6.98  
The average absolute and relative errors of direct fitting, segment statistics based on API and the least 
square are all less than 10, while the direct fitting method has the minimum error. 
Draw the fit results and observation data in Fig.4. We can see the fitting data have the same trend with 
observation data. The results of direct fitting are almost the maximum of the three, even larger than 
observation data. Although these three methods can be applied to fit RSM, the least square method has 
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more errors for its narrow amplitude. The calculated results of least square are larger. The results of direct 
fitting are more consistent with the change of RSM. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4 Fit data and the measured relative soil water 
 
Application in data supplement.  
Using API data of Lin'an from Jun.28th to Sep.28th to directly fit RSM by Eq.2, Fig.5 is the result. 
This method can realize the continuity of soil moisture. 
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Fig.5 Antecedent precipitation index, observed and fit relative soil moisture of Lin'an 
6. Conclusions 
Fitting API and RSM with three methods, we summarized that direct fitting RSM and API is the best 
method of the three for the least relative error and absolute error. Segment statistics based on API and the 
least square of API (LSOA) follows. Segment statistics based on RSM has poor result for its major error. 
The average correlation coefficient of direct fitting is 0.66. The average absolute error is 4.9 and the 
average relative error is 5.63%.  
The three methods have their own advantages. Direct fitting RSM and API sets the function as a 
convergence function, which corresponds to the reality better. Segment statistics eliminates the complex 
factors to RSM, analyzing average RSM within some ranges. Although those methods have low precision, 
they open up a new path for soil moisture analysis. The least square of API considers the combination of 
different periods of precipitation. Various combinations could afford more computing space. 
Those three methods can supplement soil moisture data series. You can also compute RSM in the area 
adjacent to the fit area, if you have precipitation data. For other regions, coefficients in each equation 
should be regressed with local data. 
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